According to popular belief, frogs are boiled to death when the water is heated gradually.
Introduction
Governments around the world subsidize contributions to public goods. In some cases, the subsidy is abruptly introduced in one step. In 2009, the Chinese government announced the most aggressive subsidy on solar panels in the world. By providing a subsidy of 20 yuan per watt, the Chinese essentially covered half the cost of entire solar panel installations. In other cases, the subsidy was introduced gradually in steps. In 2009, Japan launched a feed-in tariff that requires utilities to buy excess solar power generated by homes and business at a higher price than the standard rate. After the Fukushima meltdown in 2011, Japan raised the feed-in tariff to almost three times the price industrial users paid for conventional power. There are similar cases where negative subsidies (taxes) are changed. For instance, the European Commission abolished in one time the 66.1% import duty on energy saving compact fluorescent lamps from China in October 2008. In contrast, in the Netherlands the duty on petrol was enhanced in numerous tiny amounts from 46.1% in 1993 to 69.7% in 2008. By increasing the duty on petrol, the Dutch effectively subsidize people who opt for public transport.
In this paper, we investigate how subsidies of contributions to public goods should be introduced. In a series of experiments, we compare the effectiveness of an instantaneous rise in the subsidy to a slow rise of the subsidy to the same ultimate level. Doing so, we test a conjecture formulated by Al Gore in the 2006 movie 'An inconvenient truth'. Gore claims that humans have a tendency to ignore changes in the environment when these changes occur at a very slow pace. Therefore, there is a danger that humans fail to respond while the climate deteriorates by the very gradual process of global warming.
Gore draws an analogy between the boiling frog story and the inertia of humans: "If a frog jumps into a pot of boiling water, it jumps right out again, because it senses the danger. But the very same frog, if it jumps into a pot of lukewarm water that is slowly brought to a boil, will just sit there and it won't move." He concludes: "Our collective nervous system is like that frog's nervous system. … If it seems gradual, … we are capable of just sitting there and not reacting." Gore eloquently formulates a concern that is bothering many people from time to time. For instance, in a recent contribution, Krugman (2009) provides the same conjecture about how humans will fail to respond to "the creeping threat" of climate change. Gore and Krugman actually formulate two conjectures, one about frogs and one about humans. Although the boiling frog story is currently challenged, actual investigations on frogs published in the 19 th century claim support for it (see Appendix A) . The goal of our study is to investigate whether humans fail to react when slow changes in the environment increase the importance of contributions to the public good, as suggested by Gore and Krugman. 1 In the real world, contributing to a public good is one of many decisions that people continuously make. For instance, when we are cold in winter we may at any moment decide to put on an extra sweater or to set the thermostat a few degrees higher. At the same time, other activities continuously compete for our attention. To mimic this situation in the laboratory, we provide our subjects with a dual-task procedure. Our subjects continuously and simultaneously earn money with an individual task (their daily activities) and with their contributions to a public good. They can switch from the one task to the other task whenever they wish. While they are playing the game, we increase the subsidy to the contributions of the public good. The most important treatment variable is whether this increase occurs instantaneously or gradually.
In our experiments, we make use of a linear public good game where selfish subjects have a dominant strategy to completely free ride in the stage game for any level of the subsidy that we employed. Although the game was repeated for an unknown number of seconds, selfish subjects could not support cooperation in equilibrium because subjects did not receive information about others' contributions during the public good game. Therefore, from a strategic point of view the game is essentially a one-shot game.
Nevertheless, there is a vast literature on public good games that furnished our conjecture that we would observe positive contributions when contributions were subsidized. One of the stylized facts in experiments on linear public good games is that subjects respond to how productive a contribution to the public good is. Isaac and Walker (1988) and Isaac, Walker and Williams (1994) were among the first ones to find a positive effect of an increase in the Marginal Per Capita Return (MPCR), the marginal 1 We chose to address the question in a public good game. Another possibility would have been to make use of a strategically equivalent public bad game. Then the question would be how subjects respond to different ways of taxing undesired taking from a common pool. Andreoni (1995) started a literature comparing subjects' behavior in public good and public bad games. In many cases, subjects behave somewhat more cooperatively in the public good frame, but the evidence is not completely concurrent. Dufwenberg, Gächter and Hennig-Schmidt (2008) discuss the literature. benefit that each player earns from the contribution of an extra dollar to the public good, on subjects' contributions to the public good. In essence, a subsidy on subjects' contributions to public goods corresponds to an increase in the MPCR. Therefore, it makes sense to expect a positive effect of a subsidy on subjects' contributions.
There are two possible causes behind subjects' responsiveness to the MPCR. One possibility is that subjects do not only care about their own payoff but also about the material payoff of other subjects. Material altruists are more inclined to contribute with a higher MPCR because it makes their contribution more effective (Goeree, Holt and Laury, 2002) . The other possibility is that a higher MPCR boosts contributions because it changes the beliefs that subjects have about the extent to which others cooperate. The recent literature on public good games has identified the presence of a substantial number of conditional cooperators (Offerman, Sonnemans and Schram, 1996; Fischbacher, Gächter and Fehr, 2001; Brandts and Schram, 2001) . If a larger MPCR makes the conditional cooperators more optimistic that others will contribute, they will be more inclined to contribute.
In this paper, the main focus is not on why people respond to the MPCR/subsidy but on whether subjects respond differently when the MPCR/subsidy is changed gradually or instantaneously. The two questions may be related though. If subjects are cool and calculating material altruists, they will solely respond to the level of the subsidy. In this case we would not expect that humans fall prey to the boiling frog phenomenon.
Conditional cooperators may believe that others will only fail to respond to a change in the subsidy if it is introduced in tiny steps. With such beliefs, conditional cooperators may only respond to the subsidy when it is introduced in one big step. A boiling frog phenomenon for humans in public good games may thus be driven by conditional cooperators who expect that others are sensitive to the way that the subsidy is introduced.
There is, however, also a possibility that a boiling frog effect in public good games is not driven by expectations but by anchoring (Tversky and Kahneman, 1974) . Anchoring occurs if a decision-maker only changes her initial subjectively optimal decision if the situation differs sufficiently from the previous situation. If the situation remains approximately constant, she trusts that the previous decision is still optimal, possibly because there are 'costs of thinking'. The mistake that people make is that they do not (sufficiently) take into account that their previous inactiveness to small changes diminished the quality/optimality of the original decision for the more recent situations.
People fail to recognize that their original decision ceases to be optimal once the situation has substantially changed through many small steps in the same direction. A rational decision maker would gradually lose faith in the optimality of her original decision when small changes in the environment accumulate.
Many studies have shown that people do not move sufficiently in the right direction away from their reference point or anchor. For instance, Northcraft and Neale (1987) find that respondents often quote a too high selling price for a house if they are given a reference point that is higher than the actual selling price and vice versa. Anchoring also explains why people often choose the firm's default in the 401(k) savings plan (Madrian and Shea, 2001) . In a recent study, Schram and Sonnemans (2008) investigate how people choose their health insurance in a changing decision environment with a large set of alternatives that differ on a variety of dimensions. In a 2x2x2 design, Schram and Sonnemans vary the number of alternatives, switching costs, and the speed at which health deteriorates. With respect to the latter treatment variable, the authors find that if health deteriorates only gradually, individuals tend to stick to their chosen policy too long.
A final possibility is that a boiling frog phenomenon is driven by a lack of attention. If people are distracted by a dual task, they may simply fail to perceive small changes in the environment. People who are distracted by a dual task sometimes behave differently. Darley and Batson (1973) find that students who were in a hurry to give a talk on the parable of the Good Samaritan were more likely to pass without stopping to help a shabbily dressed person in need than those who were not in a hurry. Mann and Ward (2004) report that dieters who have to remember a 9-digit number drink more from a high-calorie milkshake than dieters who are told to remember a 1-digit number (see also Ward and Mann, 2000) . If lack of attention drives a boiling frog effect for humans, we would expect the effect top disappear if people are not distracted by a dual task.
In a first series of experiments, we raised the subsidy level from 0% to 45%. Here, we do not observe significant differences between the treatment where the subsidy is introduced in one big step and the treatment where it is introduced in many small steps.
With a maximum of 45%, the subsidy only marginally increases contributions in either case, though. Therefore, we decided to run an additional series of experiments where we raised the subsidy to 75%. Here, there is a substantial effect of the subsidy when it is introduced instantaneously while there is at best a modest effect when it is introduced gradually. The difference in the fractions of people responding positively to the subsidy equals 27 percentage points. This difference is significant and persistent. Given that subject respond positively to the subsidy, they enhance their contributions to the same extent in both treatments.
We do not find that the boiling frog phenomenon is driven by a lack of attention. We ran a control treatment in which subjects were not distracted by the individual task while the subsidy was gradually raised to 75%. If we look at the average contribution levels, subjects respond similarly to the subsidy in the single-task treatment as they do in the dual-task treatment. There is, however, a difference in how often subjects change their decisions. When they are not distracted by the dual task, subjects change their contribution level substantially more often.
An analysis of the beliefs reported by a group of subjects who did not contribute to the public good themselves discredits the explanation that the effect is driven by the beliefs of conditional cooperators. Instead, in accordance with the anchoring heuristic, subjects simply seem to ignore changes in the environment if they are very small in size.
The remainder of our paper is organized as follows. In section 2, we describe our experimental design. Section 3 provides the results and section 4 concludes. Appendix A reviews the existing evidence on the boiling frog story.
Experimental design
The computerized experiment started with on-screen instructions (see Appendix B). After reading the instructions and answering some control questions, subjects received a summary of the instructions on paper. With their decisions, subjects earned points that were exchanged at the end of the experiment at a rate of 1 euro for 1800 points. Table 1 summarizes the details of the 6 treatments. In total, 259 subjects participated who earned on average 23.1 euros (s.d. 9.4) in about 1 hour and 45 minutes. Each subject participated in one treatment only.
[ Table 1 ] Subject participated in a public good game that we moulded in different ways.
After the public good game was finished, subjects received additional instructions and we obtained measures on their beliefs and social preferences. The dual task procedure formed the core of most of our treatments. We first discuss the main features of this procedure. Subjects performed a group task and an individual task at the same time.
Subjects earned money with both tasks and could switch between the two tasks whenever they wanted. Subjects were informed that the earnings for the one task were independent of the earnings for the other task. To prevent an artificial endgame effect, we informed subjects that the two tasks would last between 25 and 40 minutes. It actually ended after exactly 28 minutes.
In the individual task, subjects earned money by keeping a randomly moving red dot inside a box. Subjects could move the box by pressing on one of the four buttons (up, down, left, right) . At the end of each second the computer determined whether the dot was inside the box or not. The subject earned 15 points when the dot was inside the box and 0 points otherwise. Subjects could keep track of the total earnings for the individual task during the experiment. 2 For the group task, subjects were randomly assigned to a group of 6 people. They were not rematched during the experiment. In every second, subjects received an endowment of 10 points and determined how much of this endowment to contribute to the public good. Each point contributed to the public good was multiplied by 1.2 and then equally divided between the 6 group-members. So each group-member received 0.2 from each point contributed to the public good. At the start, each subject decided how much to contribute by setting the level of a slider equal to a number in the range from 0 to 10. In every subsequent second each subject had the possibility to change the contribution by moving the slider. If the subject refrained from changing the contribution, this person's contribution automatically equaled the contribution in the previous period.
Subjects' contributions were subsidized at a varying rate. If the subsidy equaled s t (0≤s t <0.8) in second t, subject i actually paid a cost of (1-s t )g i,t for a contribution g i,t (0≤g i,t ≤10). Thus, in second t subject i earned the amount:
Subjects knew that the subsidy would start at 0 and that it might change during the experiment but that it would never exceed 0.8. Above the slider, subjects observed the subsidy of that second. When the subsidy changed, the background of the subsidynumber turned red for a second. This way, subjects noted the change even when they were focused on the individual task. All subjects faced the same subsidy and they were explicitly informed that the change of the subsidy was outside of their control.
Subjects were NOT informed about the contributions made by the other groupmembers while they participated in the public good game. They were also not informed about their earnings for the group-task until the end. This feature of the design was motivated by the observation that most consumers in the real world receive little or no information about other people's private energy consumption. A convenient consequence of this feature is that contribution decisions are independent across subjects.
We now turn to the differences between the treatments. The main treatments, gradual-45, quick-45, gradual-75 and quick-75, allow us to determine which way of changing the subsidy is most effective. In all these treatments, the subsidy remained at 0 during the first 4 minutes. Then in the quick-treatments, the subsidy jumped in one second from 0 to the maximum of 0.45 in quick-45 and from 0 to the maximum of 0.75 in quick-75. In the gradual treatments, the subsidy was raised with 0.001 per 2.2 seconds until it reached 0.45 in gradual-45, while it was raised with 0.001 per 1.3 seconds until it reached 0.75 in gradual-75, so that in either case the maximum was attained after 20 minutes and 40 seconds. In the remainder the subsidy stayed at the maximum until the end. Figure 1 displays the development of the subsidy across treatments.
[ Figure 1 ]
To investigate the potential effect of the dual task procedure, we included treatment gradual-75-single where subjects only performed a single task. Like in the main treatments, subjects earned money from the group task and the individual task. Each subject only decided how much to contribute though, as the computer forced the subject to make the same choices as of one of the subjects in a previous dual task experiment.
Subjects could observe the choices that they were forced to make for the individual task by their counter part in a previous experiment, but they could only affect their own earnings by their contribution decisions. This way, subjects could concentrate on the contribution task while their income was enhanced at the same pace as in the dual task experiment. A comparison of gradual-75-single and gradual-75 reveals the effect of the dual-task procedure.
After the public good game was finished, we obtained some measures that shine light on the contribution decisions. We obtained a measure on subjects' social preferences by eliciting their value orientations. Here, subjects received two amounts, a first one determined by the own choice and a second one determined by another subject's choice. Subjects chose to allocate I points to self and O points to a randomly chosen other person subject to the constraint I 2 + O 2 = (4000) 2 . In the experiment, subject used the mouse to select a point on a circle where the horizontal axis represented money given to one self and the vertical axis represented money given to the other. We explicitly clarified that the person who was affected by a subject's decision was not the same person as the one who decided about the subject's second amount. 3 Finally, we collected some background information about our subjects.
In addition, we elicited the beliefs that subjects had about the contribution levels at the start and at the end in other quick and gradual groups. We incentivized reported beliefs with a quadratic scoring rule in the same way as for the pred-75 treatment described below. As expected, we found a positive correlation between beliefs about others' contributions and own contributions. These data do not yet allow us to assess the role of conditional cooperators, because it is not clear whether the causal relation runs from beliefs to behavior or in the opposite direction.
To unravel the potential role of beliefs in the boiling frog phenomenon, we ran an additional treatment pred-75 where subjects neither played the public good game nor the box game. Instead, their task was to predict how much subjects had contributed in gradual-75 and quick-75 at specific moments. Subjects first received the instructions provided to the subjects in quick-75 and gradual-75 and then they received a handout that explained the development of the subsidy across time in the gradual mode and in the quick mode (see appendix B). We elicited subjects' subjective beliefs about how much subjects contributed on average in previous sessions. We did this for the following three statements that refer to particular moments in Figure 2 : [ Figure 2 ]
After providing the 5 probabilities connected to one statement, subjects were provided with a graphical presentation of the implied probability density, and they were allowed to make changes to their reported probabilities before they proceeded to the next statement. For half the subjects questions 2 and 3 were posed in the opposite order.
Subjects were rewarded for reporting their beliefs seriously. In total, subjects reported 15 probabilities (3 statements * 5 intervals). At the end of the experiment, one of these 15
probabilities was drawn at random and every subject received a payment generated by the quadratic scoring rule. To correct the reported beliefs for risk attitudes, we employed the correction procedure described in Offerman, van de Kuilen, Sonnemans and Wakker (2008) . Basically, that procedure filters out the risk component in subjects' reported beliefs. This is done by asking subjects to make probability judgments for an additional series of questions with given objective probabilities. These judgments are then used to map the originally reported probabilities into risk-corrected probabilities.
Results
We present the results in three parts. In section 3.1, we look at how responsive our subjects are to the subsidy and we investigate whether subjects react stronger when the subsidy is quickly increased than when it is gradually enhanced. There we deal with our main treatments gradual-45, quick-45, gradual-75 and quick-75. In section 3.2, we discuss the results of the control treatment that allows us to investigate whether the results are sensitive to the introduction of the dual task. In section 3.3, we provide the evidence obtained in treatment pred-75 and we unravel the role that beliefs play in explaining the boiling frog phenomenon.
How to subsidize contributions to public goods
We chose to start with a low MPCR of 0.2 to allow for a positive effect of a subsidy on the contributions in all experiments. In gradual-45 and quickly-45, we increased the subsidy to a maximum of 0.45. This corresponds to an almost doubling of the MPCR from 0.2 to 0.2/(1-0.45)=0.364. In their treatments with an MPCR of 0.3, Isaac and Walker (1988) and Isaac et al. (1994) find a contribution level of roughly 35%-40% when their data of group sizes 4, 10 and 40 are pooled. Table 2 shows how subjects responded to the increase of the subsidy. For each subject, we calculated the average contribution in the 50 seconds prior to the start of the rise of the subsidy and the average contribution in the 50 seconds after the subsidy reached its maximal level in a treatment. The columns "Pre" and "Post" report these statistics averaged across subjects. In the treatments with a maximum subsidy of 0.45, we observe a modest increase in the contribution level which reaches a significant level in quick-45 but not in gradual-45. 4 Because our subjects responded less to the subsidy than we had expected we decided to run treatments where the subsidy increased to a maximum of 0.75. The table shows that in gradual-75 the increase in contributions is again modest and only weakly significant (at best). The increase in contributions in quick-75 is substantial and significant though.
[ Table 2 here] Figure 3 displays the average contributions across time in the four main treatments. The figure shows that there is a substantial and lasting effect of the subsidy in quick-75. In the other treatments there is only a modest effect of the introduction of the subsidy. A first glance at the data suggests that the boiling frog phenomenon only appears when the subsidy is increased instantaneously to a sufficiently high level.
[ Figure 3 here]
To make the first impression from the figure statistically precise and to control for subjects' background, we ran a regression that employed a "hurdle specification" (Papke and Wooldridge, 1996; McDowell, 2003) . In our data, a fraction of the subjects responds positively to the subsidy. Given that subjects react to the subsidy, they do so at different absolute levels. A natural interpretation of such data is that the subjects first decide whether or not to respond to the subsidy. Only in case that they do respond to the subsidy, they decide on how much to increase their contribution. So the second decision is only made if the hurdle of the first decision is passed. Hurdle models are common in medical applications, where the factors that affect a patient's decision to see a doctor may be different from the factors that affect the doctor's and patient's decision on how much to spend on medical care. As far as we know, Botelho, Harrison, Costa Pinto and Rutstrom (2008) were the first ones to apply hurdle models to public good games. 5
In all our treatments, subjects experienced the absence of the subsidy until the 240 th second and the maximal subsidy after the 1240 th second. Thus, all treatments are comparable before the 240 th second and after the 1240 th second. For each subject, we constructed 8 "periods" of 50 seconds after the 1240 th second. For each of these 8 periods we computed the average contribution level, and from these levels we subtracted the subject's average contribution level in the 50 seconds just prior to the 240 th second. This way we use normalized contributions that are corrected for individual differences in initial contributions. Because our data form a panel we use a clustering specification that takes account of the dependence of the data within subjects and the independence of the data across subjects. We estimate the fraction that positively responds to the subsidy separately from the increase in the contribution conditional on a positive response on the subsidy. McDowell (2003) shows that this approach provides the same consistent and efficient estimates as the procedure where the overall hurdle model is estimated in one time.
As explanatory variables we include dummies for the treatments that reveal the treatment effects relative to the omitted treatment gradual-45 as well as dummies for some background variables and dummies for the periods. Table 3 reports OLS-regression. For the behavioral reasons discussed above, we think that the results in the third column are based on an "incorrect" specification. We include them because they provide a summary of the overall marginal effect of the variables on the increase in contribution.
[ Table 3 here]
The treatment effects are listed in the bottom rows of the table (below "Wald tests"). The results are in line with the pattern emerging from the figures. The effect of the subsidy is in the expected direction for quick-45 and gradual-45, but rather small and far from significant. There, a quick increase in the subsidy neither affects the probability of reacting to the subsidy nor the level of the increase given that subjects reacted to the subsidy. The result is very different for the comparison of quick-75 and gradual-75. With a maximum subsidy of 0.75, the contributions are more than doubled when the subsidy is introduced instantaneously while there is only a modest effect when it changes gradually.
The difference between the treatments is substantial and significant. We find that the fraction of subjects who respond positively to the increase in the subsidy is significantly larger in quick-75 than in gradual-75. The difference is 27%. Interestingly, given that subjects do respond positively on an increase in the subsidy, there is no difference in how much they increase their contribution. Thus, the treatment effect is completely due to the enhanced probability of responding to the subsidy in quick-75.
The estimation results control for period and background effects. Females are as likely as men to react to the subsidy, but their conditional increase in contribution is smaller. Subjects who are identified as cooperator by the independent measurement of their value orientation are more likely to respond to the subsidy than those identified as individualists, and given that they do respond, they increase their contribution to a larger extent. The reported results are robust to excluding subjects' value orientation. When we run the regression without the dummy for cooperator, we get approximately the same results.
Economics students react slightly less to the subsidy but given that they do, they increase their contributions by a slightly larger amount. In total, the effect is small and not significant. The estimates of the coefficients for the period dummies are small and insignificant, in accordance with the fact that contribution levels were roughly stable after the 1240 th second.
One possibility is that the difference in behavior between quick-75 and gradual-75 is completely determined by the switching costs between the two tasks. Switching costs between the two tasks may limit the number of times that subjects change the contribution level in the public good game. As a result, subjects may be further away from their subjectively optimal contribution level in gradual-75 where many changes are needed to accommodate the slowly changing subsidy. Figure 4 displays the decrease in hits around the time that a subject changed the contribution. In a time window of 20 seconds, subjects lose on average 36 points or 2 eurocents. Thus, the material switching costs seem to be rather limited. Still, subjects may behave differently when they are not distracted by the dual task. This is the topic of the next section.
[ Figure 4 here]
Control treatment
In this section, we deal with the sensitivity of the results with respect to the dual task procedure. This procedure may prevent subjects in gradual-75 to choose the subjectively optimal contribution level that they would have chosen when only faced with the public good task. To investigate this possibility, we ran treatment gradual-75-single, where subjects could concentrate on the public good task while they automatically received the same earnings for the individual task as one of the subjects in the dual-task treatments. Figure 5 shows the average contribution levels over time in gradual-75-single together with the contributions in gradual-75. In gradual-75-single average contributions are slightly higher than in gradual-75 throughout the experiment. This is not surprising given that initial contributions are accidentally slightly higher (in the first 50 seconds, the difference in contribution levels is not significant, Mann-Whitney test, p=0.28). More importantly, the pattern in how people change their contributions when the subsidy is introduced is remarkably similar. In both treatments, the subsidy has only a modest effect on the long run contribution levels.
[ Figure 5 here]
We assessed the statistical importance of the dual task procedure in a hurdle regression similar to the one reported in Table 3 . In Table 4 , the dummy for treatment gradual-75 measures the treatment effect of the dual task compared to the omitted treatment gradual-75-single. There is neither a significant difference in the probability that subjects respond to the subsidy nor a significant difference in the extent to which subjects increase their contribution given that they do. 6 Again, the regression results appear to be robust to excluding the dummy variable that independently measures whether a subject is cooperative.
[ Table 4 here]
The average contribution levels in Figure 5 mask some interesting patterns at the micro-level. Table 5 shows some statistics on the fractions of people that change their contribution at least once during the experiment and on how often these people change their decisions. In the single task experiment, the fraction of people changing their decisions exceeds the one in the dual-task experiment. The most remarkable difference is in how often subjects change their decisions (given that they do this at least once). The fact that subjects change their decisions very often with a single task discredits the possibility that the boiling frog effect is caused by a lack of attention.
[ Table 5 here]
In the world outside the laboratory people are involved in multiple tasks all the time. The results of our experiment suggest that people change their decisions much more often when they face a single task. The reassuring news for previous experiments on public good games is that average contribution levels do not seem to be affected by artificially limiting people to a single task.
Toward an explanation of the boiling frog effect
In the introduction we offered two possible explanations of a boiling frog effect in public good games. One possibility is that some subjects are conditional cooperators who want to match the expected contribution provided by the others. If conditional cooperators expect that others will not respond to a gradual increase but will react to an instantaneous increase in the subsidy, they will match their expectations and a boiling frog effect is the same as quick-45, except that the change in subsidy occurred after 20 minutes and 40 seconds instead of after 4 minutes. We did not find any difference in how subjects responded to the subsidy in quick-45 and quick-45-end. We also ran controls for the dual task procedure in quick-45 and gradual-45, and also here we did not identify an effect of the dual task on subjects' responses to the subsidy.
born. The other possibility is that subjects start with a subjectively optimal initial contribution level when the subsidy is 0. When the subsidy is introduced, they only change their previously optimal decision if the change in subsidy in two subsequent seconds is sufficiently large. Such a myopic decision-making process may be the driving force behind a boiling frog phenomenon in public good games. Notice that the two explanations differ in the role assigned to subjects' beliefs.
In the treatments where the subsidy was raised to a level of 0.45, we asked subjects to report their beliefs about how much other subjects contributed at particular moments in the experiment (before we communicated the results of the actual contribution levels). Like Croson (2007) and Dufwenberg et al. (2008) , we find a positive relationship between beliefs about other's contributions and own contributions. The
Spearman-rank correlation between subject's beliefs and the own behavior is substantial (0.31 at the start, 0.45 at the end in quick and 0.44 at the end in gradual) and significant (p=0.00 in all three cases). 7 This evidence is consistent with the explanation based on conditional cooperators. The evidence is far from conclusive, though, because the direction of the causality between beliefs and behavior remains unclear. We cannot exclude that subjects behave as they do because they myopically fail to respond to small changes in the environment, and, when asked about their beliefs of others' contributions, simply project their own behavior on others. 8
To shine light on the causality between beliefs and contributions, we ran treatment pred-75 where subjects played the role of predictor only. In pred-75, subjects were provided with the instructions received by subjects in quick-75 and gradual-75. In addition, these subjects were informed of the development of the subsidy in quick-75 and gradual-75. As shown in Figure 2 , they were then asked to predict the average contribution level in quick-75 and gradual-75 for three occasions: (i) at the 240 th second, just before the subsidy started rising in either treatment; (ii) at the 1240 th second in gradual-75, just after the subsidy stopped rising in gradual-75 (iii) at the 1240 th second in 7 In this analysis, we excluded subjects when in the correction procedure the correlation between the subjects' reported beliefs for the objective probabilities and the objective probabilities was lower than 0.35, when they had reported a probability of 50% for each of the 15 beliefs question or when they reported 50% for at least 9 of the 10 lottery questions. 8 A comparison of subjects' beliefs and actual behavior of the other subjects reveals that subjects were on average too optimistic about the contributions of the others. The same bias in beliefs is reported in Offerman, Sonnemans and Schram (1996) and Palfrey and Rosenthal (1991) .
quick-75. Notice that the predictors' beliefs are not biased by their choices, because predictors never decided how much to contribute. 9 Table 6 presents the beliefs of the predictors together with the choices of the subjects in quick-75 and gradual-75. The upper-panel of the table shows that the predictors expect a substantial and significant effect of the subsidy in gradual-75 as well as in quick-75. This is only partly in agreement with the data, because the subsidy had a substantial and significant effect on contribution level in quick-75, but not in gradual-75.
The lower-panel of the table presents statistics about how much the beliefs and the contribution levels changed as a result of the subsidy. Predictors expect a slightly larger effect of the subsidy in quick-75 than in gradual-75. The difference is weakly significant at p=0.07. So predictors expect a weak boiling frog effect but the actual data reveal a strong effect. Predictors are better able to predict the effect of the subsidy in quick-75 than in gradual-75. In quick-75, predictors anticipate on average a smaller effect of the subsidy than actually exists, but the difference is far from significant. In gradual-75, predictors overestimate the effect of the subsidy substantially and significantly.
[ Table 6 ]
The evidence makes it less likely that the explanation based on conditional cooperators drives the boiling frog result. Subjects whose beliefs are not biased by their choices expect a substantial effect of the subsidy in gradual-75. If the explanation of conditional cooperators would drive the boiling frog phenomenon, we should have observed a substantial effect of the subsidy on contributions in gradual-75, which we did not. The results do not discredit the explanation based on anchoring. When subjects are actually absorbed in the game, they fail to respond to minor changes in the environment.
Predictors who look at this process from a distance fail to appreciate this effect, and instead tend to think that people will respond in the same rational way as when the subsidy is introduced instantaneously. 10 9 The procedure to investigate the causal direction between beliefs and contributions was developed by Dawes, Mc Tavish and Shaklee (1977) . 10 This result is in line with some recent findings on the distinction between decision utility and experienced utility and findings on focusing illusion that are summarized by Kahneman and Thaler (2006) .
Conclusion
In this paper, we investigated how humans react to an instantaneous versus a very gradual introduction of a subsidy to contribute to a public good. When the subsidy was raised to an intermediate level, we did not find support for the boiling frog story. This is not surprising, however, because even when the subsidy was introduced instantaneously, the effect of the subsidy on the contribution level was modest at best. When the subsidy was raised to a substantial level, a clear boiling frog effect emerged. Subjects hardly responded to the subsidy when it was introduced gradually while they reacted strongly when it was introduced in one shot. In particular, by introducing the subsidy in one time the fraction of subjects responding to the subsidy increased by 27%. Given that subjects did respond to the subsidy, there was no difference in the extent to which they increased their contribution between the two ways of introducing the subsidy.
Subjects who did not play the public good game but who were asked to report their beliefs about what contributors would do, predicted the effect of the subsidy more or less correctly when it was introduced at once. In contrast to what would be expected if the phenomenon were mediated by the beliefs of conditional cooperators, predictors failed to predict that the subsidy would not have an effect on the contributions when the subsidy was introduced gradually. Neither do we find support for the explanation that the effect is caused by inattention. The evidence does not discredit the explanation that the boiling frog phenomenon is caused by anchoring. In accordance with Al Gore's and Paul
Krugman's conjecture, people simply fail to respond to tiny changes in the environment.
When making a decision, people often fail to accurately predict the utility that they will experience, or they mispredict how they will respond to changes in the environment. For instance, respondents think that people living in California are happier than people living in areas with a lesser climate such as the East or the Midwest, while this is actually not true (Schkade and Kahneman, 1998) . Current assistant professors tend to overpredict the life satisfaction of obtaining a tenured position compared to being denied one (Gilbert, Pinel, Wilson, Blumberg and Wheatley, 1998) .
Appendix A: literature on the boiling frog story
Currently, the correctness of the boiling frog story is questioned (Gibbons, 2002) . On the basis of their work with other animals, contemporary zoologists think that frogs will try to escape irrespective of whether the heating occurs instantaneously or gradually. 11 There is, however, some tension between the current view and the 19 th century investigations where frogs were actually heated in experiments. Goltz (1869, p. 127-130) describes an experiment with two frogs, one decapitated frog and one normal frog. Goltz immersed the frogs in water leaving out only a small part of the frog. He raised the temperature of the water in about ten minutes from 17.5° C to 56° C. From a temperature of 25° C the healthy frog tried to escape from the water and died a terrible death at 42° C because the experimental setup did not allow the frog to get away. The decapitated frog scarcely moved until the temperature reached 56° C when it made some spastic movements. 12
Notice that Goltz heated the frogs rather quickly. In fact, his aim was not to test the boiling frog phenomenon. Instead, he wanted to find the location of the frog's soul.
Because he believed that it was seated in the brain, he wanted to find differences between how a brainless frog and a healthy frog reacted to being boiled and therefore he chose to heat the frogs quickly.
Heinzmann (1872) reports on experiments with in total 27 frogs. He set out to work with decapitated and braindamaged frogs. After his first trials where he heated the frogs locally with a leg in the water, he moved to a setup where the frog was seated on a cork floating in a cylinder of water. He heated the frogs in about 90 minutes from a temperature of about 21° C to about 37.5° C. (So he stopped short of literally frying the frogs because some pre-trials had convinced him that from 37.5° C the frogs became paralyzed until death entered). After thus fine-tuning the experiment, he continued to 11 In personal communication, Dr. Victor Hutchison, a Research Professor Emiritus from the University of Oklahoma's Department of Zoology, whose research interests include physiological ecology of thermal relations of amphibians and reptiles, formulated the current skepticism as follows: "It [the boiling frog story] makes a nice story, but it really is a myth. In fact, most animals, vertebrate and invertebrate (all we have tested) exposed to increasing heat respond similarly -they attempt to escape noxious conditions (chemicals, etc.) that could lead to their death. This is an expected survival response as logic might indicate." 12 Goltz mentions a third decapitated frog that he does not boil and that serves as a control frog for the decapitated frog that is boiled.
work with normal undamaged frogs. In his 12th trial he managed for the first time to heat a healthy frog from 23° C to 39° C without any movement of the frog, even though the frog could jump away from the setup at any moment if it wanted to. Two of the next three trials were successful repetitions of the 12th trial. Then Heinzmann set out to reach the opposite goal, that is, to gradually freeze frogs without a movement, and again, after some initial trials where he used damaged frogs he managed to accomplish his goal with healthy frogs.
Unaware of the study by Heinzmann, Foster (1873) Hall and Motora (1887) mention that Fratscher (1875) His intuition was that the variance in the speed of the heating explains the difference in Goltz's and Foster's results and Heinzmann's and Fratscher's results. In agreement with his intuition, he reports that he was able to replicate all previous results by varying the speed of the heating process. At the end of the 19 th century, the consensus is that it is possible to boil frogs without movement if it is done sufficiently slowly (Hall and Motora, 1887; Scripture, 1897) .
A related question is whether rapid heating induces frogs to try to escape at lower temperatures than slow heating. Foster mentions this possibility, but says that he did not pay attention to this issue while he did his experiments. Arguably, this 'lite version' of the boiling frog story is the more relevant one for Al Gore's analogy. As far as we know, the lite version of the story has not been tested with frogs, but there are some physiogical studies with humans showing that the smallest perceptible change in weight of an object placed on the fingertip varies with the speed of the change in weight (Hall and Motora, 1887; Scripture, 1897) .
Appendix B: Instructions of the experiment (not meant for publication)
This appendix contains the instructions that were presented on-screen to the participants. For the six treatments we only needed three different sets of instructions. In the treatments gradual-45, quick-45, gradual-75, and quick 75 subjects received exactly the same instructions. These treatments only differed in the way the subsidy was changed during the experiment. : gradual-45, quick-45, gradual-75, and quick 75 
Instructions treatments

Instructions
Welcome to this experiment. Please read the following instructions with care. If something is not clear, raise your hand and we will help you. After everyone has finished reading the instructions and before the experiment starts, you will receive a handout with a summary of the instructions. You can use this handout throughout the experiment.
You will be asked to make a number of decisions. The experiment consists of two parts. Below this section, you will find the instructions for the first part. After part 1 has been completed you will receive instructions for the second part. Your decisions and the decisions of other participants will determine how much money you earn.
During the experiment, your earnings will be denoted in points. Your earnings in the experiment will be equal to the sum of your earnings in part 1 and in part 2. At the end of the experiment, your earnings (in points) will be converted into money. For each 18 points you earn, you receive 1 eurocent. Hence, 1800 points are equal to 1 euro. Your earnings will be privately paid to you in cash.
Part 1
In part 1, you will earn money with two different tasks. One task is an individual task and the other is a group task. You will perform both of them at the same time. The individual task will be on the left side of your screen and the group task on the right side. You will earn points for both tasks simultaneously. Your earnings for the individual task do not depend on your actions in the group task and your earnings for the group task do not depend on your actions in the individual task. Part 1 will last between 25 and 45 minutes. Both tasks will stop at the same time. The computer will inform you when part 1 is finished. Although both tasks run at the same time, it is up to you to decide how much time you want to spend on each task. You can switch between the tasks whenever you want.
Individual task
In the individual task, you will earn points by keeping a randomly moving red dot inside a box. In the big window on the left side of the screen you will see a red dot making random movements. The dot starts inside the box, and your task is to keep it inside that box by moving the box. You can move the box by pressing (with your mouse) on one of the four arrow buttons above the white field. The box will move in the same direction as the direction of the arrow (up, down, left, right) .
At the end of every second the computer determines whether the dot is inside or outside the box. If it is inside the box you will receive 15 points, if it is outside you will receive 0 points for that second. You start with zero points and your earnings for this task equal the sum of earnings in all seconds. While you perform the individual task, your total earnings for this task will be listed in the upper left part of the screen.
Group task
You are randomly assigned to a group of 6 participants (including yourself). Throughout this task, you will remain in this group of 6 persons. For the group task each participant will decide about how much to contribute to the group. Your earnings for this task depend on your own decisions as well as on the decisions of the other participants in your group.
For each second, the computer calculates how many points you get for that second and these points are added to the total for the group task. Your earnings for every second depend on the endowment you get every second, your contribution to the group in that second, the contributions that the others in your group make in that second and the level of the subsidy in that second.
Each group-member receives an endowment of 10 points in every second. In the beginning, each group-member decides how much to contribute to the group (a contribution equals at least 0 points and at most 10 points). In each subsequent second, each group-member may change the own contribution. If a group-member does not change the contribution, this person's contribution equals the contribution that he or she made in the previous second.
Contributing to the group has two effects on your payoff: a benefit effect and a cost effect. We will first deal with the benefit effect. Your contribution benefits yourself and the other members of your group in the following way. Every second, the computer adds up all contributions made in your group and multiplies the sum with 1.2. The resulting number of points is equally divided between the 6 group-members. This means that in each second you will receive 0.2 point for each point contributed to the group. Now we deal with the cost effect of your contribution. Contributing points to the group is costly for you. Your contribution will be subsidized though, which means that part of the money that you spend on contributing is returned to you. The higher the subsidy, the less you actually pay for your contribution. In this sense, the subsidy determines how costly your contribution is. The subsidy denotes the part of your contribution that you do not have to pay. For instance, if the subsidy is 0.000, each point that you will contribute to the group will cost you 1 point. If the subsidy is 0.250, each point that you will contribute to the group will cost you 0.750 point, if the subsidy is 0.500, each point that you will contribute to the group will cost you 0.500 point, etc.
The subsidy may change during the experiment. It is at least 0.000 and at most 0.800. Whether it changes or not is outside of your control. All participants in the group face the same subsidy. All participants will be clearly informed when and how the subsidy changes. AT THE START OF THE EXPERIMENT, THE SUBSIDY EQUALS 0.000.
Summarizing, in each second: (i) costs of contributing = own contribution*(1-subsidy) (ii) earnings group task = 10 -costs of contributing + 0.2*sum contributions
During part 1 group-members will NOT be informed about the contributions of the others in the group. There will also be no information about the earnings for the group task. This information will only be revealed at the end of part 2.
Making your decisions in part 1
Below you see a picture of the screen that will be used in part 1 to enter your decisions. On the left part of the screen you find the window used for the individual task. During the experiment the red dot will move randomly and your goal is to move the white box such that the red dot stays in the box. You move the white box by pressing the arrows above the window. On the right part of the screen you find the window used for the group task. In the gray area you see a slider. With that slider you will indicate how much you want to contribute to the group task. You can change your contribution by changing the position of that slider.
Above the slider you see the subsidy for that second. Each time the subsidy changes the background of the subsidy number turns red for a second.
On the next screen you will be requested to answer some control questions. Please answer these questions now.
Instructions treatment: gradual-75-single Instructions
Part 1
In part 1, you will earn money with two different tasks. One task is an individual task and the other is a group task. What is special about the individual task is that the computer forces you to make the same choices as a participant of a previous experiment. The individual task will be on the left side of your screen and the group task on the right side. You will earn points for both tasks simultaneously. Your actions only affect your earnings for the group task. Your earnings for the group task do not depend on the actions of the previous participant for the individual task. Part 1 will last between 25 and 45 minutes. Both tasks will stop at the same time. The computer will inform you when part 1 is finished.
Individual task
In the individual task, the previous participant earned points by keeping a randomly moving red dot inside a box. In the big window on the left side of the screen you will see a red dot making random movements. The dot starts inside the box, like it did for the previous participant. The previous participant's task was to keep it inside that box by moving the box. He or she could move the box by pressing (with the mouse) on one of the four arrow buttons above the white field. The box will move in the same direction as the direction of the arrow (up, down, left, right) pushed by the previous participant. You cannot influence this process.
At the end of every second the computer determines whether the dot is inside or outside the box. If it is inside the box you will receive 15 points (like the previous particpant did), if it is outside you will receive 0 points for that second (again, like the previous particpant did). You start with zero points and your earnings for this task equal the sum of earnings in all seconds. Your total earnings for this task will be listed in the upper left part of the screen.
Group task
Making your decisions in part 1
Below you see a picture of the screen that will be used in part 1 to enter your decisions for the group task. On the left part of the screen you find the window used for the individual task. During the experiment the red dot will move randomly and you will observe how the previous participant moved the white box. On the right part of the screen you find the window used for the group task.
In the gray area you see a slider. With that slider you will indicate how much you want to contribute to the group task. You can change your contribution by changing the position of that slider.
Instructions treatments: predict-75
Introduction
Welcome to this session. In this session we will ask you to state your beliefs about what has happened in a previous experiment. You will not carry out that experiment yourself, but we will ask you to state your beliefs about what participants did in that experiment. The closer your beliefs are to how the previous participants actually behaved, the more you will earn.
After you have finished stating your beliefs, we will ask you to make two other types of decisions that allow you to make additional money. You will earn points during this session. At the end of the session your points for all three types of decisions will be added up and combined with a starting capital of 8000 points. The resulting total number of points will be exchanged into euros at a rate of 1000 points is 1 euro. Only at the end of the session you will be informed how much you earned with each type of decisions. You will receive the instructions for a next part only when a previous part is finished.
On your table you will find a hardcopy of the instructions given to the participants in that previous experiment. During your session you are allowed to keep them. We want you to study these instructions now.
Now you have studied the instructions of the previous experiment, we will explain what you will be asked to do. You will be asked several times to state your probability judgment about certain statements. For each of three statements there will be five sub-questions. After you have finished all sub-questions, one of the fifteen sub-questions is chosen at random by the computer and your answer on that sub-question determines the points you earnings for this part.
During the group task in the previous experiment, contributing became less costly over time as a result of an increase of the subsidy. Participants of the previous experiment participated in one of the "gradual" groups or one of the "quick" groups. We will ask you some questions about how the participants of the two type of groups behaved.
1. In the "gradual" groups the subsidy started increasing after exactly 4 minutes. During 16 minutes and 40 seconds it was raised gradually until it reached 0.75 after exactly 20 minutes and 40 seconds. Then it stayed at 0.75 until the end of the task after exactly 28 minutes. 2. In the "quick" groups the subsidy was increased in one time from 0 to 0.75 after exactly 4 minutes and it stayed at 0.75 until the end of the task after exactly 28 minutes.
As you could see in the instructions of the previous experiment, participants only knew that their experiment would start with a subsidy of 0 and that this subsidy could change during the experiment.
We will present you with 3 statements and ask you 5 sub-questions per statement. The statements refer to the handout with the figures that show how the subsidy changed in the "gradual" group and the "quick" group.
The statements and sub-questions we will ask you are:
1. For all participants, the subsidy started at the same level (see both figures of the handout). What is your probability judgment (in %) that at the START the average contribution of all participants was in the interval … 2. For the participants in the GRADUAL groups, the subsidy changed as indicated in in the lower figure of the handout. What is your probability judgment (in %) that at the END the average contribution of the participants in the GRADUAL groups was in the interval … 3. For the participants in the QUICK groups, the subsidy changed as indicated in the upper figure of the handout. What is your probability judgment (in %) that at the END the average contribution of the participants in the QUICK groups was in the interval …
These statements are presented one after another. For each statement you have to give your probability judgment for five intervals. Each time an interval is shown you choose a percentage.
The table that is handed out to you shows how much you earn for a particular probability judgment for an interval. The table contains three columns. The first column shows the percentage of your probability judgment, the second column displays your earnings if the real average contribution level ("the true value") is in the interval and the third column shows what you get if it is not in the interval. You find your earnings by looking in the row that corresponds to your probability judgment and the column that corresponds to the real average contribution (second column if the average contribution is inside the interval, third column if it is outside the interval).
You will make your decision on the computer in the following way. After you have typed in your probability judgment, the computer will open the same table as the one handed out on paper. The row that corresponds with your chosen probability judgment is preselected. You can pick a different row in the table if you prefer to change your probability judgment. You can do this by selecting the up or down arrow, or by clicking the mouse in the menu and scroll to another probability judgment. Next, when you click on <confirm> your choice is final and you continue with the next statement. When you are finished, press <confirm> with your mouse.
After you pressed <confirm> with your mouse, you will be asked your probability judgment for the next interval. When you have provided judgments for all five intervals / sub-questions, you will continue to the next statement.
After you have completed the three statements with the fifteen sub questions the computer randomly draws one of the fifteen sub-questions. Your answer together with the actual average contribution for the relevant sub-question determines your earnings for reporting your probability judgment.
On the next screen you will be requested to answer some control questions. Please answer these questions now. Notes: period-2-8 indicates second -eight period blocks of 50 seconds after the 1240 th second; for each subject, the average contribution in the 50 seconds before the subsidy starts changing is subtracted from each average contribution level in periods-2-8; regression based on gradual-45, gradual-75, quick-45 and quick-75; Column Pr{Y>0} shows the fraction of observations passing the hurdle Y>0; Y|(Y>0) displays the marginal effects given that the hurdle is passed; Column Y reports the total marginal effect; the omitted treatment is gradual-45; Female = 1 if subject is female, female = 0 if subject is male; 61% of the subjects were male; Cooperator = 1 if subject is altruistic or cooperative, coop = 0 if subject is individualistic or competitive; Economics = 1 if subject studies economics, econ = 0 if subject studies something else or does not study; the R 2 for the column Pr{Y>0} is a Pseudo R 2 . Notes: period-2-8 indicates second -eight period blocks of 50 seconds after the 1240 th second; for each subject, the average contribution in the 50 seconds before the subsidy starts changing is subtracted from each average contribution level in periods-2-8; regression based on gradual-75 single and gradual-75 dual ; Column Pr{Y>0} shows the fraction of observations passing the hurdle Y>0; Y|(Y>0) displays the marginal effects given that the hurdle is passed; Column Y reports the total marginal effect; the omitted treatment is gradual-75 single ; Female = 1 if subject is female, female = 0 if subject is male; Cooperator = 1 if subject is altruistic or cooperative, coop = 0 if subject is individualistic or competitive; Economics = 1 if subject studies economics, econ = 0 if subject studies something else or does not study; the R 2 for the column Pr{Y>0} is a Pseudo R 2 . Notes: a subject is recorded to be "changing" when there is at least one second, not being the first second, in which the contribution is different from that in a previous second; number of changes per subject is calculated on the basis of the persons who change; Notes: table is based on subjects in treatments quick-75, gradual-75 and pred-75; standard errors in parentheses; 7 from 49 subjects in pred-75 were excluded because of the criterion mentioned in footnote 9; Columns I, II and III report the expectation of the reported probability distributions (for details, see the end of section 3); WC provides the result of a Wilcoxon rank test and MW presents the result of a Mann-Whitney rank test. Notes: this graph indicates the average number of hits in the individual task for each second in the period of 60 seconds before and 60 seconds after a second in which the slider indicating the contribution in the groups task moved; movements of the slider in successive seconds are taken as one; the graph is based on gradual-75 and quick-75. Figure 5 : controlling for the dual task procedure in gradual
